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Glioblastoma is the most common primary brain cancer in adults with an incidence of 3.4
per 100,000, making up about 15% of all brain tumors. Inconsistent results have been published in regard differences in survival between white and black glioblastoma patients. The
objective of this to study the association between race and in Glioblastoma patients in the
USA during 2010–2014.

Methods and findings
The National Cancer Institute’s Surveillance Epidemiology and End Results (SEER) database were used to evaluate race/ethnicity (White non-Hispanic, Black non-Hispanic, Asian/
Pacific Islanders non-Hispanic (API)) and Hispanic) adults patients with first-time diagnosis
of glioblastoma (International Classification of Diseases for Oncology, 3rd Edition [ICD-O3], codes C711-C714, and histology type 9440/3) from 2010–2014. The primary outcome
was 3-year overall survival which was defined as months from diagnosis to death due to any
cause and cancer, Kaplan-Meier (KM) and log-rank test were used to compare overall survival times across race groups. Cox proportional hazard models were used to determine the
independent effect of race on 3-year survival. Age, gender, health insurance coverage, primary site, tumor size, extent of surgery and year of diagnosis were included in the adjusted
model. The 3-year overall survival for API-non Hispanic (NH) patients decreased by 25%
compared with White NH glioblastoma patients (hazard ratio (HR) 0.75; 95% confidence
interval (CI) 0.62–0.90)) after adjusting for age, gender, health insurance, primary site,
tumor size, and extent of the surgery. Black NH (HR 0.95; 95% CI 0.80–1.13) and Hispanic
(HR 1.01, 95% CI 0.84–1.21) exhibited similar mortality risks compared with White NH
patients.
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Conclusion
Compared with White NH, API NH with glioblastoma have a better survival. The findings
from this study can help increase the accuracy of the prognostic outlook for white, black and
API patients with GBM.

Introduction
Glioblastoma (GBM) is the most common primary brain cancer in adults with an incidence of
3.4 per 100,000, making up about 15% of all brain tumors [1, 2]. Despite advances in surgical
and radiotherapy techniques the prognosis of GBM is dismal with a median survival of 12–14
months [1–3]. The current standard of care involves surgical resection along with temozolomide and radiotherapy, which has been shown to improve survival [4].
Racial disparities in treatment and subsequent survival of brain tumors has been documented in several previous studies [5–15]. However, large population-based analysis including
all age and race groups in the US population is scant [5, 7–10]. Whereas some of them included
all types of primary brain tumors [5, 9], others reported their findings specifically for GBM
patients [7, 8, 10]. Moreover, the adjustments used in the analysis of previous studies varied a
lot [5, 7–10]. Only one of them included a measure of socio-economic status in the statistical
models [5]. In addition, only a few studies have included Asian or Hispanic glioblastoma
patients and the results are inconsistent [7, 9, 10]. Finally, no study has investigated the association between race and survival in GBM patients using the recent information of the Surveillance Epidemiology and End Results (SEER) database during the past years.
The aim of this study was to investigate the association between race/ethnicity and survival
in glioblastoma patients in the USA from 2010 to 2014.

Material and methods
Study design and setting
We conducted a secondary data analysis of the Surveillance Epidemiology and End Results
(SEER) database. SEER is a cancer surveillance program of the National Cancer Institute’ s
(NCI) that collects cancer incidence and survival data since 1973, including the Atlanta,
Detroit, San Francisco-Oakland, Seatle-Puget Sound metropolitan areas and the states of Connecticut, Hawaii, Iowa, New Mexico, and Utah [16].

Study participants
The population of interest included adults 18 years-of-age or older, identified as White nonHispanic (NH), Black NH, API NH, and Hispanics with a first-time diagnosis of glioblastoma
(International Classification of Diseases for Oncology, 3rd Edition [ICD-O-3], codes
C711-C714, and morphology code 9440/3 from 2010 to 2014 (n = 3,517). The period of this
study was chosen as in 2009 a new drug, bevacizumab, was approved for use in GBM. Treatment of bevacizumab may improve general survival after 2009. Patients who were reported
only on death certificate or at autopsy (n = 13) or with no information on race (n = 15) or
defined as American Indian /AK Native (n = 16) were excluded. Also people with survival
time zero were excluded (n = 12). The final population consisted of 3,473 patients.
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Main variables
The primary outcome was overall survival (OS) which was defined as the time in months from
diagnosis to death due to any cause and cancer. Patients who were alive at the date of the last
contact were censored.
The race and ethnicity categories were limited to non-Hispanic White, Black or API, and Hispanic due to the small numbers for other races. Confounding variables evaluated included age at
diagnosis, gender, insurance status, primary site, tumor size, and extent of the surgery. Age in
years was collapsed into dichotomous categories (</ = 50, >50). Health insurance status was
grouped into uninsured, any Medicaid and insured (combining SEER “Insured and Insured/No
specifics” categories). Primary tumor sites were defined using ICD-O-3 topology codes into
frontal, temporal, parietal, and occipital site (C711–C714 respectively). Tumor size was dichotomized using the tumor median size of 4.5 cm (<4.5,>/ = 4.5) and patients with unknown or not
stated tumor size were included. Extent of the primary surgery was defined as “No Surgery”; “No
Gross Total Resection” (No GTR) (this category included codes for local tumor destruction not
otherwise specified (NOS), biopsy, surgery NOS, partial resection NOS, and subtotal resection;
and “Gross Total Resection” (GTR) (this included gross total resection or radical total resection
of the tumor). As the information used in this study was limited to the first course of treatment,
such as radiation or chemotherapy status were not included in the analysis.

Statistical analysis
All data accessed from SEER was de-identified (fully anonymized) and without any of the 18
direct identifiers according to the Health Insurance Portability and Accountability Act. The
study population was characterized using descriptive statistics, these included examining frequency distributions of the categorical variables and assessing for missing data. Chi-square
tests were used to compare categorical data (demographic and clinical characteristics among
race/ethnicity categories). Analysis of variance was used for the age at diagnosis in years.
Kaplan-Meier survival analysis was used to asses overall survival. The log-rank test was used to
assess differences between survival curves across race/ethnicity. Univariate and Multivariate
Cox Proportional hazard ratios (HRs) and 95% confidence intervals (CIs) to determine the
independent effect of race/ethnicity and overall 3-year survival rates were calculated. The correlation matrix of all potential confounders were examined to check for multicollinearity in
the adjusted model. Multivariate analysis was performed using Cox proportional hazards
model to determine the independent effect of race/ethnicity on 3-year overall survival, hazard
ratios and their respective 95% confidence intervals were calculated. The proportional hazard
assumptions were tested graphically. Age, gender, health insurance status, primary site, tumor
size and extent of surgery were included in the adjusted model. All p values reported are twotailed, and a p-value of <0.05 was considered as statistically significant. Statistical analysis was
performed using STATA (14.0, StataCorp, College Station, TX).

Ethical considerations
Permission to use and access to the SEER database was obtained through the SEER website.
Ethical approval was waived since the analysis was considered nonhuman subjects research by
the Florida International University Health Sciences IRB.

Results
Among the glioblastoma patients identified, the majority were white (83.2%) and 5.9%, 5.4%,
and 5.5% were black NH, API NH and Hispanic respectively. Table 1 presents the baseline
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Table 1. Baseline characteristics of glioblastoma patients in the US, SEER from 2010 to 2014 according to race/ethnicity.
Race/Ethnicity
Characteristics

White NHa (N = 2,890)

Black NH (N = 205)

API NHb (N = 186)

Hispanic
(N = 192)

p-value

n

%

n

%

n

%

n

%

 50

380

13.2

48

23.4

35

18.8

44

22.9

> 50

2,510

86.9

157

76.6

151

81.2

148

77.1

Male

1,681

58.2

118

57.6

105

56.5

119

62.0

Female

1,209

41.8

87

42.4

81

43.6

73

38.0

61

2.2

12

5.9

9

4.9

15

8.0

Age (years)

<0.001

Gender

0.707

Insurance
Uninsured
Any Medicaid

<0.001
185

6.5

33

16.3

35

18.9

30

16.0

2,587

91.3

158

77.8

141

76.2

143

76.1

1,111

38.4

65

31.7

80

43.0

72

37.5

Temporal

996

34.5

83

40.5

57

30.7

65

33.9

Parietal

619

21.4

46

22.4

42

22.6

40

20.8

Occipital

164

5.7

11

5.4

7

3.8

15

7.8

< 4.5

1,223

42.3

89

43.4

72

38.7

71

37.0

> = 4.5

1,250

43.3

89

43.4

94

50.5

95

49.5

417

14.4

27

13.2

20

10.8

26

13.5

435

15.1

29

14.2

48

25.8

46

24.0

Insured
Primary Site
Frontal

0.400

Tumor Size (cm)

Unknown

0.306

Extent of surgery
No Surgery

<0.001

No GTRc

1,366

47.4

100

48.8

91

48.9

100

52.1

GTR

1,084

37.6

76

37.1

47

25.3

46

24.0

Alive

802

27.8

59

28.8

68

36.6

62

32.3

Dead

2,088

72.3

146

71.2

118

63.4

130

67.7

Three-year survival status

0.044

a

Nonhispanic

b

Asian Pacific Islander
Gross Total Resection

c

https://doi.org/10.1371/journal.pone.0198581.t001

characteristics of patients in the US between 2010 and 2014 according to race/ethnicity. We
identified significant racial/ethnicity differences in the age at diagnosis, health insurance, and
extent of the primary surgery. The mean age at diagnosis was higher for white Non-Hispanic
patients compared to non-Hispanic black, and Hispanics (64.4 vs.61.4, and 60.7, p = 0.015,
respectively). Blacks NH (23.4%), Hispanics (22.9%) and API NH (18.8%) tended to be younger compared to (whites NH 13.8%). White NH patients were more frequently insured
(91.3%), compared to 77.8% of blacks NH, 76.2% of API NH and 76.1% of Hispanic, (p<
0.001). White NH and Black NH patients had a higher proportion of gross total resection surgery (37.6% and 37.1% respectively) compared to API NH (25.3%) and Hispanic (24.0%),
while API NH had a higher proportion of no surgery (25.7%, p<0.001). Glioblastoma White,
Black and Hispanic patients are more likely to die during the first three years after diagnosis
(72.3%, 71.2% and 67.7% respectively) compared to API’s (63.4%, p = 0.040). There were not
statistically significant difference among race/ethnicity in regards to gender (p = 0.728), primary site (p = 0.208), and tumor size (p = 0.356).
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Fig 1. Unadjusted Kaplan Meier estimates of 3-year overall survival of glioblastoma patients by race/ethnicity.
https://doi.org/10.1371/journal.pone.0198581.g001

Fig 1 shows the Kaplan Meier curves for the 3-year overall survival in months by race/ethnicity. The log-rank test revealed no statistically difference (p-value<0.370) among race/ethnicity groups, with a median survival times for Whites NH (10.5 months; 95% CI 10.5–11.5),
Blacks NH (11.5 months; 95% CI 8.5–13.5), API’s NH (11.5 months; 95% CI 8.5–15.5) and
Hispanic (9.5, 95% CI 7.5–11.5).
The unadjusted Cox regression model suggested no differences between Blacks NH (HR
0.90; 95% CI 0.76–1.07), API NH (HR 0.90; 95% CI 0.74–1.08) and Hispanic (HR 1.04; 95% CI
compared to White NH glioblastoma patients (Table 2). The correlation matrix of all potential
confounders in the adjusted model were examined and no multicollinearity was found. After
adjusting for age, gender, health insurance status, primary site, tumor size and extent of the
surgery, the risk of death at 3-years post diagnosis among API’s (HR 0.75; 95% CI 0.62–0.90)
decreased significantly compared to White NH. Older patients, with greater tumor size (> =
4.5 cm) or unknown tumor size, with no surgery or no GTR were significantly and independently associated with poorer prognosis.
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Table 2. Unadjusted and adjusted hazard ratios between race/ethnicity and 3-year overall survival in glioblastoma
patients in the US, SEER from 2010–2014.
Unadjusted
a

b

HR (95% CI )

Adjusted
p-value

HR (95% CI)

p-value

Race/Ethnicity
White NHc

Refd

Ref

Black NH

0.90 (0.76–1.07)

0.225

0.95 (0.80–1.13)

0.585

APIe NH

0.90 (0.74–1.08)

0.246

0.75 (0.62–0.90)

0.003

Hispanic

1.04 (0.87–1.24)

0.692

1.01 (0.84–1.21)

0.942

Age (years)
 50

Ref

> 50

2.35 (2.07–2.67)

Ref
<0.001

2.18 (1.91–2.49)

0.033

1.07 (0.99–1.16)

<0.001

Gender
Male
Female

Ref
1.09 (1.01–1.18)

Ref
0.081

Insurance
Uninsured

0.82 (0.64–1.05)

0.122

0.99 (0.77–1.28)

0.926

Any Medicaid

1.05 (0.91–1.22)

0.486

1.06 (0.92–1.23)

0.401

Insured

Ref

Ref

Primary Site
Frontal

Ref

Ref

Temporal

0.93 (0.85–1.02)

0.145

0.96 (0.87–1.05)

0.382

Parietal

1.10 (0.99–1.23)

0.063

1.04 (0.93–1.15)

0.507

Occipital

0.95 (0.80–1.13)

0.536

0.95 (0.80–1.14)

0.601

Tumor Size (cm)
< 4.5

Ref

Ref

> = 4.5

1.06 (0.97–1.15)

0.198

1.11 (1.02–1.21)

0.020

Unknown

1.15 (1.20–1.35)

0.003

1.19 (1.06–1.35)

0.004

No Surgery

3.52 (3.14–3.95)

<0.001

3.33 (2.96–3.75)

<0.001

No GTRf

1.42 (1.30–1.55)

<0.001

1.43 (1.30–1.56)

<0.001

Extent of surgery

GTR

Ref

Ref

a

Hazard ratio

b

Confidence interval
Nonhispanic

c

d

Reference group

e

Asian Pacific Islander
f
Gross Total Resection
https://doi.org/10.1371/journal.pone.0198581.t002

The 3-year survival curve derived from Cox model (adjusted for age, gender health insurance, tumor site, tumor size, extent of the surgery) showed a better 3-year overall survival for
API NH patients compared to Whites NH, Black NH and Hispanics (Fig 2).

Discussion
This study found that API NH patients have a significantly better survival rate than White NH
after controlling for age, gender, health insurance status, site, tumor size and extent of surgery.
No significant differences in glioblastoma survival were observed among Black NH and Hispanic compared with White NH.
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Fig 2. Adjusted survival estimates of the 3-year overall survival of glioblastoma patients by race/ethnicity; SEER
2010–2014.
https://doi.org/10.1371/journal.pone.0198581.g002

Our findings revealed no difference in survival between black and white GBM patients are
in line with most of the previous population-based studies [7–10]. Only two previous studies
reported differences in survival between white and black GBM patients [5, 15]. BarnholtzSloan and colleagues revealed, after adjusting for age at diagnosis, histological classification,
and treatment modality, that blacks had a 13% increased risk of death per month compared to
white patients [5]. The study by Shaw et al only included patients aged 70 years with glioblastoma as the first primary cancer diagnosed from 1999 to 2010 [15].
Studies including Asians are rare and revealed inconsistent results [7, 9, 10]. In agreement
with our findings, Pan and colleagues reported that Asians had a statistically significantly
lower risk of survival when compared with non-Hispanic whites [7]. Furthermore, a study in a
large population study of 21,184 glioblastoma patients during 2001 and 2011 seemed to confirm the reduced risk of mortality of Asian patients in the US [10]. In contrast to their and our
findings, the work by Farah et al showed an increased one-year survival, but not 5-year survival
in Asian GBM patients. However, their risk estimates were not adjusted for covariates and
rather descriptive in nature [9].
The scant evidence in regard survival of Hispanic GBM patients is in disagreement with the
results of our study [7, 9, 10]. Pan et al revealed a statistically significant 13% risk decrease
compared with white GBM patients [7]. It has to be kept in mind that Pan and colleagues used
different histological definitions, including both giant cell GBM and gliosarcoma in their study
whereas ours only included GBMs [7]. These tumor subtypes are significantly rarer and behave
differently from GBM [17, 18]. For example, these two subtypes affect males and females at different rates than GBM, and they tend to have shorter survival times [17, 18]. Including these
patients might affect the results, as they do not accurately represent the majority of GBM
patients. A recent study, using data from 21,184 glioblastoma patients during 2001 and 2011 in
adult Latino Americans also reported an increased survival for Hispanics compared with white
non-Hispanics after adjustments for age at diagnosis, the extent of surgery, and differences in
the use of radiation therapy [10]. However, they did not control for tumor size, sex or health
insurance (a proxy for socioeconomic status) unlike ours.
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In agreement with previous studies, we found that age at diagnosis was associated with survival in GBM patients [3, 19]. Whereas, Pan et al reported a five times higher hazard of death
in the GBM patient population 75 years and older compared to the 19-34-year-old GBM
patient group, Ohgaki et al revealed that younger patients survived significantly longer, ranging from a median of 8.8 months (<50 years) to 1.6 months (>80 years) [3, 19]. There are a
few reasons that could account for this difference between age groups. First, it is possible that
older patients have more comorbidities than their younger counterparts do. This overall worse
state of health could make older patients less able to handle the insult of cancer. Secondly,
older patients are enrolled in research trials disproportionately less, compared to their younger
counterparts [20, 21]. Then, they are likely missing on newer possibly more effective treatment
modalities. Finally, elderly patients, with less life expectancy than younger patients, are less
likely to receive aggressive treatment. Pan et al., also found that radiation improved mortality,
as did the degree of surgical intervention [3]. Consistent with this, patients receiving partial
resection survived longer than those receiving no surgery, and gross total resection improved
survival more than partial resection.
It is not clear whether the difference in survival between races is to due differences in
genetic factors, environmental exposures, or differences in treatment. However, it has been
suggested that possible differences in the molecular and genetic makeup of tumors between
races, which might account for some of the discrepancies seen in mortality [17]. Wiencke and
colleagues found that secondary glioblastomas have more TP53 mutations and that these types
of tumors are found more often in black and Asian patients [18]. Conversely, Whites are diagnosed with more primary glioblastomas, which have been found to have more EGFR amplification [18]. As both secondary glioblastomas and TP53 mutations have been shown to have a
better prognosis with a longer survival time as compared to primary glioblastoma and EGFR
amplification, this could be one potential reason that blacks and Asians with glioblastoma may
live longer than whites [2, 18]. Moreover, it is possible that by having a primary brain tumor
before transformation into GBM, Asians and blacks might have earlier detection due to earlier
symptomatology, closer follow-up, and more brain imaging.
Naturally, our study had some limitations. The database of SEER did not collect information on comorbidities that could possibly influence mortality. Furthermore, we were unable to
adjust our analysis on patients’ extent of radiation therapy, including dosage and type, as the
SEER database did not include that information anymore. It has been shown that the SEER
registry data, collected by routine methods, may not be an appropriate source for documenting
rates of radiation therapy receipt by breast cancer patients or for investigating geographic variation in radiation therapy receipt [22]. Previous studies have shown decreased completion of
radiation therapy in the black population, and this could potentially be clouding our ability to
detect whether blacks have a higher proportion of patients who fail to complete radiation therapy, as this has been shown to lead to a decreased mortality [21]. In addition, the database did
not include information regarding chemotherapy or salvage therapy data, leaving surgery as
the only possible treatment variable included in the analysis. The available data on documentation regarding surgery does not include volumetric data. This led us to include biopsy and subtotal tumor resection in the same group. Finally, despite some limitations, the SEER is an
important population-based resource for understanding the implications of pathology diagnoses across demographic groups, geographic regions, and time, and provides unique insights
into the practice of oncology in the U.S that are not attainable from other sources [23].
We would like to point out that the population used in our research was large and representative of roughly one-fourth of the United States population. Patients with multiple different
primary cancers, those who have had previous cancers, those with extracranial GBM, and
those with different subtypes of GBM; giant cell GBM and gliosarcoma were excluded. By
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excluding these patients, we got a better idea of the association typically found in patients with
GBM.
In conclusion, our study identified the existence of a difference in survival in GBM patients
based on race/ethnicity. API NH patients with glioblastoma have a better survival when compared to White NH patients, after controlling for age, gender, insurance status, site, tumor size
and extent of surgery. Our findings expand on the topic of how race specifically affects a
patient’s mortality, by using a population that is more generalizable to the typical GBM patient.
Future prospective studies may investigate the cause of the differences in survival between API
NH and other race/ethnicity groups. The association between EGFR and TP53 mutations and
mortality, as well as the association between primary and secondary GBM and survival, may
be studied independently of race, as this might be a key factor behind the differences we
found. The findings from our study can help increase the accuracy of the prognostic outlook
for white, black, Hispanic and API patients with GBM.
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References
1.

Ostrom QT, Gittleman H, Fulop J, Liu M, Blanda R, Kromer C, et al. CBTRUS Statistical Report: Primary
Brain and Central Nervous System Tumors Diagnosed in the United States in 2008–2012. Neuro
Oncol. 2015; 17(4): iv1–iv62.

2.

Thakkar JP, Dolecek TA, Horbinski C, Ostrom QT, Lightner DD, Barnholtz-Sloan JS, et al. Epidemiologic and molecular prognostic review of glioblastoma. Cancer Epidemiol Biomarkers Prev. 2014; 23:
1985–1996. https://doi.org/10.1158/1055-9965.EPI-14-0275 PMID: 25053711

3.

Gittleman H, Lim D, Kattan MW, Chakravarti A, Gilbert MR, Lassman AB, et al. An independently validated nomogram for individualized estimation of survival among patients with newly diagnosed glioblastoma: NRG Oncology RTOG 0525 and 0825. Neuro Oncol. 2017; 19(5): 669–677 https://doi.org/10.
1093/neuonc/now208 PMID: 28453749

4.

Rhome R, Fisher R, Hormigo A, Parikh RR. Disparities in receipt of modern concurrent chemoradiotherapy in glioblastoma. J Neurooncol. 2016; 128: 241–250. https://doi.org/10.1007/s11060-016-2101-5
PMID: 26970981

5.

Barnholtz-Sloan JS, Sloan AE, Schwartz AG. Racial differences in survival after diagnosis with primary
malignant brain tumor. Cancer. 2003; 98(3): 603–609. https://doi.org/10.1002/cncr.11534 PMID:
12879479

PLOS ONE | https://doi.org/10.1371/journal.pone.0198581 June 21, 2018

9 / 10

The association between race and survival in US glioblastoma patients

6.

Barnholtz-Sloan JS, Maldonado JL, Williams VL, Curry WT, Rodkey EA, Barker FG 2nd, et al. Racial/
ethnic differences in survival among elderly patients with a primary glioblastoma. J Neurooncol. 2007;
85(2): 171–180. https://doi.org/10.1007/s11060-007-9405-4 PMID: 17530174

7.

Pan I-W, Ferguson SD, Lam S. Patient and treatment factors associated with survival among adult glioblastoma patients: A USA population-based study from 2000–2010. J Clin Neurosci. 2015; 22(10):
1575–1581. https://doi.org/10.1016/j.jocn.2015.03.032 PMID: 26122381

8.

Barnholtz-Sloan JS, Sloan AE, Schwartz AG. Relative survival rates and patterns of diagnosis analyzed
by time period for individuals with primary malignant brain tumor, 1973–1997. J Neurosurg. 2003; 99(3):
458–466. https://doi.org/10.3171/jns.2003.99.3.0458 PMID: 12959430

9.

Farah P, Blanda R, Kromer C, Ostrom QT, Kruchko C, Barnholtz-Sloan JS. Conditional survival after
diagnosis with malignant brain and central nervous system tumor in the United States, 1995–2012. J
Neurooncol. 2016; 128(3): 419–29. https://doi.org/10.1007/s11060-016-2127-8 PMID: 27095247

10.

Shabihkhani M, Telesca D, Movassaghi M, Naeini YB, Naeini KM, Hojat SA, et al. Incidence, survival,
pathology, and genetics of adult Latino Americans with glioblastoma. J Neurooncol. 2017; 132(2): 351–
358. https://doi.org/10.1007/s11060-017-2377-0 PMID: 28161760

11.

McLendon RE, Robinson JS Jr, Chambers DB, Grufferman S, Burger PC. The glioblastoma multiforme
in Georgia, 1977–1981. Cancer. 1985; 56: 894–897. PMID: 2990658

12.

Simpson JR, Scott CB, Rotman M, Curran WJ, Constine LS 3rd, Fischbach AJ, et al. Race and prognosis of brain tumor patients entering multicenter clinical trials. A report from the Radiation Therapy Oncology Group. Am J Clin Oncol. 1996; 19: 114–120. PMID: 8610632

13.

Robertson JT, Gunter BC, Somes GW. Racial differences in the incidence of gliomas: a retrospective
study from Memphis, Tennessee. Br J Neurosurg. 2002; 16: 562–566. PMID: 12617237

14.

Thakkar JP, Dolecek TA, Popa AM, Villano JL. Racial disparities in survival of glioblastoma patients not
treated with radiation. American Society of Clinical Oncology; 2013 ASCO Annual Meeting; Chicago, IL.
J Clin Oncol. 31 (suppl; abstr 2069).

15.

Shah BK, Bista A, Sharma S. Survival Trends in Elderly Patients with Glioblastoma in the United States:
a Population-based Study. Anticancer Res. 2016; 36(9): 4883–6. https://doi.org/10.21873/anticanres.
11052 PMID: 27630344

16.

National Cancer Institute:Surveillance, Epidemiology, and End Results (SEER) Available: http://seer.
cancer.gov. Accessed 13 November 2016

17.

Beaumont TL, Kupsky WJ, Barger GR, Sloan AE. Gliosarcoma with multiple extracranial metastases:
case report and review of the literature. J Neurooncol. 2007; 83: 39–46. https://doi.org/10.1007/s11060006-9295-x PMID: 17171442

18.

Huang MC, Kubo O, Tajika Y, Takakura K. A clinico-immunohistochemical study of giant cell glioblastoma. Noshuyo Byori. 1996; 13: 11–16. PMID: 8916121

19.

Ohgaki H, Dessen P, Jourde B, Horstmann S, Nishikawa T, DiPatre PL, et al. Genetic pathways to glioblastoma: a population based study. Cancer Res. 2004; 64: 6892–6899. https://doi.org/10.1158/00085472.CAN-04-1337 PMID: 15466178

20.

Murthy VH, Krumholz HM, Gross CP. Participation in Cancer Clinical Trials. JAMA 2004; 291(22):
2720–2026.

21.

Stewart JH, Bertoni AG, Staten JL, Levine EA, Gross CP. Participation in Surgical Oncology Clinical Trials: Gender-, Race/Ethnicity-, and Age-based Disparities. Ann Surg Oncol. 2007; 14: 3328–3334.

22.

Jagsi R, Abrahamse P, Hawley ST, Graff JJ, Hamilton AS, Katz SJ. Cancer. Underascertainment of
radiotherapy receipt in Surveillance, Epidemiology, and End Results registry data. Cancer. 2012; 118
(2):333–341. https://doi.org/10.1002/cncr.26295 PMID: 21717446

23.
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